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* NOTICES * 

JPO and INPIT are not responsibie for any 
damages caused by the use of this translatfoni 

1 This document has been translated by computer. So the translation may not reflect \he 

originai precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the InventionJ 
(0001] 

[Field of the InventionJThis invention relates to optical amplification giass. in particular, tt is 
related with the optical amplificatton glass which can be ampJified in a broadband to light with a 
wavelength of 1.4-1,5 micrometers. 
10002} 

[Description of the Prior Artjit consists of core glass and clad glass for the purpose of the 
application to the light amplifier in an optscaf ffbef communtcations system, and development of 
the optica! amplification glass with which the rare earth element was added is furthered as this 
gfass foF Qom gJass. On the other hand, in order to correspond to diversification of the 
communications service upon \Miich it will count in the future, the wavelength-multiplex-optical- 
telecommunications method (WDM) which aims at expansion of transmission capacity Is 
proposed. In WDM, transmission capacity becomes large, so that the number of channels of 
wavelength multiplexing increases* 

[0003]The opNca! amplification glass with which Er (erbium) was added as suitable glass for 
the optica! amplification of a C band (wavelength: 1530-1560 nm) or an L bar^d (wavelength: 
1570-1600 nm) conventionally, The optica! amplification giass with which Jm {thulium) was 
added as suitable glass for the optical amplification of an band (wavelength: 1450-1490 
nm) and S band (wavelength: 1490-1530 nm) is proposed, respectively. 
[0004] Excitation light enters into Tm addition optical amplification giass, the light, i.e., the 
optical signal, which should be amplified, and an optical signal is amplified using the stimulated 
emission transition ofTm. The wavelength of excitation light is 1.0-1.6 micrometers typically, 
when perforrfiing excitation by the rise conversion method, Tm addition optical amplification 
giass is used usually fiber-izing it. 
[0005] 
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[Probiem(s) to be 5iolved by the invention]!n Tm addition optical amplification glass, optical 
amplificaiion of an S"^ band and S band is performed using the stimulated emission transition 
between ^H^-"F^. However, under ^H^ level, level ^Hg which about 4300 cm"^ Separates and 
approaches exists. The muiti-phonon relaxation in said stimulated emission transition 
increases for this contiguity level ^Hg, radiation relaxation decreases, and there is a possibility 
that luminous efficiency, therefore the rate of optical amplification may fall as a result. 
[0006]As Tm addition optical amplification glass, the optical amplification glass with which Tm 
was added by fluoride glass, for example is proposed. Compared with oxide glass, there is ttie 
strong point In which multi-phonon retaxatiofi is small in fluoride giass. Hcwever, low (typically 
320 ** or less), glass fransition point T^ of fluoride giass had a possibility that it might be 

damaged thermally, when the Intensity of excitation light became large. Since Vickers 
hardness H. , of fluoride glass was low (typicaliy 2,4GPa), when it was easy to attach a crack 

and it fiber-ized, there was a possibiiity that the crack night become a cause and might 
fracture, 

[OOOZjAs optical amplification glass with which Tm was added by fluoride glass. The 
presentation of a mol % display For example, 2rF^:52.53%, BaF^: 20.20%, LaF3;3.03%, AIF^: 

4.04%, NaF : Tm is added 1.19% by the mass percentage display by the matrix giass which is 
20.20%, Tm addition fluoride glass ZBLAN in which the peak wavelength of 200 ** and an 
emission spectrum is 1452 nm, and T^ Is [ the half breadth ] 76 nm is known (Applied Optics, 

39 (27), 4979-4984 (2000)). 

[OOOSjAs optical amplification glass with which Tm was added by the teilunte glass. The 
presentation of a mol % display For example, Te02:75%, ZnO:10%, Although Tm is added 

1.23% by the mass percentage display by the matrix glass which is 0:15% of Na^ and Tm 
addition tellurite glass in which the peak wavelength of an emission spectrum Is 1456 nm, and 
the half breadth is 114 nm is known, The T^ Is 295 ** low (Applied Optics, 39 (27), 4979-4984 

(2000)). 

[0009IPbO:56-mo! % and Bi 203:27-mol %, To the matrix glass which consists of GBp.^M- 
mol %. 0.01%, 0.05%, or the giass (Tm addition PbO-Bi203-Ga20,, glass) added 1.5% is 

indicated forTrri by the mass percentage display (Applied Optics, 34 (21), 4284-4289 (1995)). 
The annealing point of said matrix glass and Knoop hardness are 319 ** and 2.2GPa, 
respectively (Phys.Chem.Glasses, 27,119-123 (1986)). Even if it may consider that an 
annealing point is equal to T^ and adds Tm to 1.5%, it is thought that there is no big change in 
Tq. That is, T^ of said Tm addition PbO-BlgOg-Ga^Og giass is about 320 "* too, and has a 
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possibility that said thermaliy damaging may happen. 

[0010]ln the case of optical glass, if what is become a low value 0.4 to 1 .3 GPa rather than 

(the encyclopedia of glass, 352 pages, Asakura Publishing, 1985 issue) is taken into 
consideration, Knoop hardness. It is thought that of said Tm addition PbO-Bi20g-Ga202 

glass is in the range of 2.6 - 3.5GPa, and it can never be said that it is high. and of this 
invention are high, and it aims at offer of optical amplification glass which can amplify the light 
of an band and S band. 
[0011] 

[Means for Solving the Problemjthis invention is optical amplification glass with which 0.001 to 
10% of Tm is added by matrix glass by mass percentage display - this matrix glass - Bi20g -- 

15-80-mol % - optical amplification glass which contains and contains Ge02 is provided. 

[0012] 

[Embodiment of the invention]As for T^ of the optical amplification glass of this invention, it is 

preferred that it is not less than 360 **. This is because there is a possibility that the 
temperature of glass may become high locally and optical amplification may become glass is 
thermally damaged by T^ in less than 360 **, and optical loss increases as a result, and 

insufficient when a laser beam with targe intensity is used as excitation light for optical 
amplification. Not less than 400 ** Is not less than 420 ** especially preferably more preferably. 

[0013]As for of the optical amplification glass of this invention, it is prefen-ed that they are 

3.6 or more GPa. In less than 3.6 GPa. there is a possibihty of beconiing easfy to fracture when 
it fiber-izes. 3.7 or more GPa is 4,0 or more GPa especially preferably more preferably. 
[0014JTm is added in order to give an optica! amplification function to the matrix glass in this 
irwention. The rate of optical amplification falls [ the addition (Tm addition) of a mass 
percentage display of Tm when matrix glass is made into 100% ] at less than 0.001%. it is 
0.05% or more more preferably 0.01% or more. At more than 10%, vitrification becomes 
difficult or the rate of optical amplification falls on the contrary for concentration quenching. It is 
0.5% or less more preferably 1 % or less. 

[0015]Next, mo! % is only displayed as % and the ingredient of the matrix glass in this 
invention is explained below. Bi^O^ is an essential ingredient. In less than 15%, the rate of 
optica! amplification falls or the content cames out phase splitting. It is not less than 35% not 
less than 30% especially preferably not less than 25% still more preferably not less than 20% 
more preferably not less than 1 5.5%. At more than 80%, it devitrifies at the time of fiber 
processing to which vitrification becomes difficult, or T becomes low too much. It is 48% or 
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less 55% or iess especially preferabiy 60% or less 70% or less preferably. 
[0016]GeO2 is network former and indispensable. As for the content of GeO^, it is preferred 
that it is 5 to 80%. In less than 5%, vitrification becomes difficult or there Is a possibility of 
devitrifying at the time of fiber processing, it is not less than 25% most preferabiy not less than 
20% especially preferably not less than 15%. There is a possibility that the rate of optica! 
amplification may fall or devitrify at the time of fiber processing, at more than 80%. It Is 65% or 
less most preferably 60% or less especially preferably 75% or less. 
[0017]Although Ga2^3 indispensable, in order to enlarge ttie wavelength interval from 
which a profit is acquired, or in order to control the devitrification at the time of fiber processing, 
It may contain to 30%. There Is a possibility that a crystal may deposit at the time of glass 
production, and the transmissivity of glass may fall, at more than 30%. It is 25% or less 
preferably. As for the content, when it contains Ga^O.., it is preferred that it is 0.5% or more. It 

is not less than 5% most preferably not less than 3% especially preferabiy 1% or more. 
[0018]A!though CeO^ is not indispensable, in order to control that Bi^O^ in glass composition 

returns into glass melting, deposits as metal bismuth, and reduces the transparency of glass, it 
may contain to 10%. There is a poss^lbtOty that coloring of yellow or orange may become 
strong, the transmissivity of glass may fait, and a background loss ( In / vitriUcatbn becomes 
difficult or / excitation light wavelength or optical signal wavelength ] may increase, at more 
than 10%. It is 0.3% or less especially preferably 0.5% or less more preferabiy 1 % or iess. As 
for the content, when it contains CeO^, it is preferred that it is 0.01% or more. It is 0.1% or 

more especially preferably 0.05% or more more preferably. As for the content of CeO^, it is 

preferred to consider it as less than 0.15% and it is more preferred not to contain Ce02 

substantially to avoid decline in the transmissivity of glass. 
[0019]Contaln Ga^O^ or Ce02 and Bi^Og, it is iprefefred that sum total 

Bi^O^-^ GeO^+Ga^O^-J-CeO^ of the content of GeO^, Ga^O^, and CeO^ is not less than 70%. It 

is more prefen"ed to contain GeO^ for Bi^O^ and to contain CeO^ for GaJD^ 0.1 to 0.3% 0.5 to 

25% 15 to 60% 15 to 48%. It is more preferred to contain Ge02 for 6120^ and to contain CeO^ 

for Ga^Og 0.1 to 0.3% 5 to 25% 25 to 60% 15 to 48%. 

[0020]The matrix glass in this invention by the mol % display of the following oxide basis. 15 to 
80% of Bf20,^, 5 to 80% of GeO^, 0 to 30% of Ga^O.,, 0 to 10% of CeO^, 0 to 10% of vVO^, 0 

to 20% of Te02, ° *° 30% of alumfnum203. tip 0-10%, Na20 0-20%, K^O 0-20%, The thing 
become essential, 0 to 20% of ZnO, 0 to 20% of MgO, 0 to 20% of CaO, 0 to 20% of SrO, 0 to 
20% of BaO, 0 to 10% ofTi02, 0 to 10% mtrO^ 0 to 10% of Sn02, ** et ai., is preferred. 
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[0021]Since Bi^O^, GeO^, G^g^s' CeO^ were explained previously, ingredients other than 

these four ingredients are explained befow. Although WO^ is not indispensable, in order to 

enlarge the wavelength interval from which a profit is acquired, it may contain to 10%. There is 

a possibility that the rate of optica! ampiif ication may fati, at more than 10%. 

[0022]Aithough TeO^ is not indispensable, in order to increase the rate of optical amplification, 

it may contain to 20%. There is a possibilsr/ that a crystai may deposit at the time of glass 
production, and the transrnissivity of glass may fail, at more than 20%, It is 5% or less more 
preferably 10% or less. As for the content, when it contains Te02, it is prefen"ed that it is 1 % or 

more. It ts not less than 2% more preferably. 

[0023]Aithough aiuminum^Og is not indispensable, in order to control the devitrification at the 

time of fiber processing, it may contain to 30%. There is a possibility that a crystal may deposit 
at th^ time of giass production, and the transrnissivity of glass may falJ, at more than 30%. \t is 
15% or less especially preferably 20% Of less more preferably. As for the content, when it 
contains aiuminum^O.^, it is preferred that it ts 0.1% or more, ft is not less thah 2% especially 

preferably 1 % or more more preferably. 

[00241AS for the sum total of the content of Oa^O^, aluminum^Og, and TeO^, it Is preferred 
that it is 50% or less. There is a posslbily lhat a crystal may deposit at the time of glass 
production, and the transmisstvity of giass may fall, at more than 50%. It is 20% or less most 
preferably 25% or less especially preferably 30% or less. The sum total of said content is not 
less than 4% more preferably not less than 2%. 

[0025]Although all Li20, Na^O, and K^O are Indispensable, in order to control the 

devitrification at the time of fiber processing, it may contain to 10%, 20%, and 20%, 
respectively. Although all ZnO, MgO, CaO<s), SrO(s), and BaO(s) are indispensable, in order 
to control the devitrification at the time of fiber processing, it may contain to 20%, respectively. 
Aithough all TiO^, ZrO^, and SnO^ are indispensabie. in order to controf the devitrification at 

the time of fiber processing, it may contain to 10%, respectively. 

|0026]AHhough desirable matrix giass consists of the above-mentioned ingredient intrinsically, 
other ingredients may be contained in the range which does not spoil the purpose of this 
invention. As for the sum total of the content Of an ingredient besides ** it is preferred that it 

is 10% or iess. 

[0027].An ingredient" besides aforementioned " is described below. In order to snake glass 
formulation easy, or in order to control the devitrification at the time of fiber processing, Cs^O, 

CdO, PbO, La^Og, etc. may be contained. Tb^O^, Dy^O^, Ho^O^, Yb^O^. etc. may be 

contained as a sensitizer. As for the content of each ingredient, when it contains Tb^O^, 

hnp/Vwvvw4jpdl.inpit,g'.).jp/cgi-biiVtran_vveb_cgi_e\je?atw 3/24/2008 



JP,2002--2I i950,A [DETAILED DESCRIPTION] 



Page 6 of 9 



preferably 0.01 % or more more preferably. 

[0028]Since PbO has a possibility of reducing H^, not containing substantiafly is preferred. 



contain neither substantialiy. 

[0029]There is no restriction in particular about the method of producing the optical 
amplification glass of this invention. Mix and a raw material For example, a platinum cmcible, a 
platinum-gold alloy crucible, an alumina crucible, It puts in a quartz crucible or an indium 
crucible, and the optica! amplification glass of this invention can be produced with the 
scorification which carries out the cast of the melt (melting glass) obtained by fusing in the air 
at 800-1300 ** to a predetermined moid. In order to decrease the moisture in glass and to 
control increase of muiti-phonon relaxation, few things of the moisture of the melting 
atmosphere in said scorification are preferred, tor example, its use ol dry nitrogen, dry air, etc. 
is preferred. 

[0030]The optical amplification glass of this invention may be produced with methods for 
example, a so! gel process, gaseous phase vacuum deposition, etc., other than scorification, 
etc. Optical amplification glass fiber can be created by creating and fiber -izing preforming or 
fiber-izing it by the double crucible method based on the optical amplification glass of this 
invention whit^ was carried out in this way and produced. 
[0031] 

[Example]The glass which added Tm of the quantity shown in the matrix glass shown in the 
column from Bi^O^ of a table to BaO by mol % display by mass percentage display at the 

column of Tm was produced. and crystallization-starting-temperature which were 

calculated by differentia! thermal analysis (Dl 
shown about Examples 1 and 5 (ur)fl: MPa). 

[0032]T^ is a temperature to which the exothermic peak accompanying crystallization begins to 
rise, and is the temperature of the rule of thumb from which crystaiiization begins. As for T^-T^., 
it is preferred that it is not less than 60 **. At less than 60 **, there is a possibility of devitrifying 
at the time of fiber processing. Not less than 130 ** not less than 70 ** is not less than 150 ** 
most preferably especiaiiy preferably. 

[0033]About the glass of Example 1 , it irradiated with light with a wavelength of 800 nm using 
the semiconductor laser diode (output: 1W), and the emission spectrum in the wavelength of 
1300-1600 nm was measured by using PbS as a detector. A result is shown in drawing 1 by 
making luminescence intensity into an arbitrary unit. The light emission peak (half breadth: 122 
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nm) by transition of "'H^^->"F^ of Tm is accepted near the wavelength of 1470 nm. Therefore. 

optica! ampiification [ in / for example / by the rise conversion method / an band 
(wavelength: 1450-1490 nm) and S band (wavelength; 1490-1530 nm) ] is possible. 
[0034]The half breadth deitalambda is 122 nm, and is larger than 76 nm of Tm addition fluoride 
glass illustrated previously, and 114 nm of Tm addition tellurite glass. Therefore, th$ 
wavelength intervat from which a profit is acquired is large, and superior lo Tm addition glass 
of these former as optical amplificaiion glass, deltalambda was similarly measured about 
Examples 2-5, 10-13, and 24. A result is shown in a table (unit: nm). 
[0035] 
[Table 1] 
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[0036] 
[Table 2] 
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[0037] 
[Table 3] 
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[0039] 

[Effect of tKe InventionjAccordsng to this invention, even if it uses a laser beam with iarge 
intensity as excitation iight, thermal damage doe$ not take place easily, Even if it fiber-tzes, ft is 
hard to fracture, and optical amplification glass with possible and optical amplification of an S* 
band and S band and a big wavelength Interval from which a profit is acquired is obtained, and 
the mass information transmission by a wavelength multiplexing transmission system becomes 
possible also in an S"^ band and S band. 



ITrarislatfon done.] 
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